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ABST: 

An over -the -wire balloon catheter for use in, angioplasty includes a dual 
lumen shaft formed by a multisection outer tube and a multisection inner tube. 
The outer tube includes a first thin wall outer tube section which is connected 
to a manifold at its proximal end. The outer tube also includes a second outer 
tube section which is attached to the distal end of the first outer tube section 
and which has a greater flexibility. The inner t\ibe has a first thin wall inner 
tube section which extends generally coaxially through the first outer tube 
section and into the interior of the second outer tube section. The inner tube 
also includes a second thin wall inner tube section which is attached to the 
distal end of the first inner tube section and extends distally beyond the 
distal end of the outer tube. A balloon is attached to the distal ends of the 
outer and inner tubes. The inner tube sections have a coating of a low friction 
materia}:, such as polyimide-polytetraf luoroethylene composite, on their inner 
waSSg t^ facilitate movement of a guide wire through the guide wire lumen of the 
ini|^ tSbe. 
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Cfhis"'is a continuation of application Ser, No. 07/337,319 filed on Apr. 13, 
19^1, abandoned as of the date of this application, 

SUM: 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to the field of angioplasty. In particular, the 
present invention relates to a dilatation balloon catheter of the 
"over -the -wire" type. 

2. Description of the Prior Art 

Angioplasty has gained wide acceptance in recent years as an efficient and 
effective method for treating types of vascular disease. In particular. 
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angioplasty is widely used for opening stenoses in the coronary arteries, 
although it is also used for treatment of stenoses in other parts of the 
vascular system. 

The most widely used form of angioplasty makes use of a dilatation catheter 
which has an inflatable balloon at its distal end. Typically, a hollow guide 
catheter is used in guiding the dilatation catheter through the vascular system 
to a position near the stenosis (e.g. to the aortic arch) . Using fluoroscopy, 
the physician guides the dilatation catheter the remaining distance through the 
vascular system until the balloon is positioned across the stenosis. The balloon 
is then inflated by supplying a fluid under pressure through an inflation lumen 
to the balloon. The inflation of the balloon causes stretching of the artery and 
pressing of the lesion into the artery wall to reestablish acceptable blood flow 
through the artery. 

There has been a continuing effort to reduce the profile and shaft size of 
the dilatation catheter so that the catheter not only can reach but also can 
cross a very tight stenosis. A successful dilatation catheter must also be 
sufficiently flexible to pass through tight curvatures, especially in the 
coronary arteries. A further requirement of a successful dilatation catheter is 
its "pushability* . This involves the transmission of longitudinal force along 
the catheter from its proximal end to its distal end so that a physician can 
push the catheter through the vascular system and the stenosis. 

commonly used types of dilatation catheters are referred to as 
"oviMr-tlte-wire" catheters and "non- over -the -wire" catheters. An over-the-wire 
catheter:; is one in which a separate guide wire lumen {sometimes called a "thru 
lumSi" ) ."is provided so that a guide wire can be used to establish the path 
thit^iigh -the stenosis. The dilatation catheter can then be advanced over the 
guife wite until the balloon is positioned within the stenosis. One problem with 
th^iver- the -wire catheter is the requirement of a larger profile and a 
ged^ally larger outer diameter along its entire length in order to allow for a 
se^l^ate guide wire lumen. 

hk non- over- the -wire catheter acts as its own guide wire, and thus there is no 
ne^ foi a separate guide wire lumen. One advantage of a non- over -the -wire 
catJieter is its potential for a reduced outer diameter along its main shaft 
gin^e a,]guide wire lumen is not required. However, one disadvantage is the 
inaljili^ to maintain the position of a guide wire within the vascular system 
wh^ removing the catheter and exchanging it for one of a smaller (or larger) 
baiioon diameter. Thus, to accomplish an exchange with the non-over- the- wire 
catheter, the path to the stenosis must be reestablished when replacing the 
catheter with one having a different balloon diameter. 

It is desirable in some cases to feed two dilatation catheters through the 
same guide catheter simultaneously. This procedure is used, for example^ to 
inflate both sides of a Y branch in the coronary arteries. In the past, only 
non-over- the-wire catheters have been small enough to be used for this type of 
procedure. In general, the need for providing two lumens in an over-the-wire 
catheter has resulted in a larger outer diameter along its entire length so that 
it is not possible to feed two over-the-wire catheters through a typical 8 
French (8F) guide catheter at the same time. 
SUMMARY OP THE INVENTION 
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The present invention is an improved over -the- wire dilatation catheter which 
uses a multisection outer tube and a multisection inner txibe to achieve a very 
small outer diameter, so that two such dilatation catheters can be fed through 
the same guide catheter simultaneously. 

The present invention makes use of a multisection outer tvibe and a 
multisection inner tube with a balloon attached to the distal ends of the inner 
and outer tubes. An inflation lumen is formed between the outer wall of the 
inner tvhe and the inner wall of the outer tube. A guide wire or through lumen 
extends through the interior of the inner tiibe. 

The outer tube has a first (or proximal) thin wall tube section and a second 
(or distal) tube section. The distal outer tube section has a greater 
flexibility than the proximal outer tuibe section to allow the catheter to be 
advanced through the rather tortuous paths of the coronary arteries. 

The inner tube has a proximal thin wall tiibe section and a distal thin wall 
tube section. The proximal and distal inner tube sections are joined together 
within the interior of the distal outer tube section. The distal inner tube 
section has a smaller inner and outer diameter than the proximal inner tube 
section. The inner tiibe's inner diameter surfaces are defined as a lubricious 
surface in order to facilitate relative movement of the catheter and the guide 
wire. 

""gi tfie preferred embodiments of the present invention, the proximal outer 
tub^ section is a stainless steel hypotube or a polyimide tiibe, and the distal 
oufer tube section is a high density polyethylene tube. The proximal inner tube 
secSion ■•is preferably a stainless steel hypotube with a lubricious inner 
dii^ter surface of polytetraf luoroethylene, or a polyimide tube with a 
lu%^icipus inner diameter surface of polyimide-polytetraf luoroethlyene composite 
mafarial.. The distal inner tube section is preferably a polyimide tube with a 
lubricious inner diameter surface of polyimide-polytetraf luoroethylene composite 
matlrial . 

La. 

DRTOESC-j: 

BrSp DESCRIPTION OP THE DRAWINGS 

fphe -.P^IGURE is a sectional view of the dilatation balloon catheter of the 
prp^^ent invention . 

DETOESC : 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

Dilatation balloon catheter 10 shown in the FIGURE is a coaxial dual lumen 
dilatation catheter which offers a very small outer diameter-pref erably small 
enough so that two similar catheters can be fed simultaneously through an 8 
French (8F) guide catheter. Dilatation balloon catheter 10 is formed by a 
multilumen shaft 12 which has an inflatable balloon 14 mounted at its distal end 
and a manifold 16 mounted at its proximal end. 

Shaft 12 includes a multisection outer tube (formed by proximal outer tube 
section 18 and distal outer tube section 20) and a multisection inner tube 
(formed by proximal inner tube section 22 and distal inner tube section 24) . 
Inflation lumen 26 is defined between the outer walls of inner tube sections 
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22 and 24 and the inner walls of outer tixbe sections 18 and 20. Inflation lumen 
26 extends from manifold 16 to the interior of balloon 14. Guide wire (or thru) 
lumen 28 extends through the interior of inner tube sections 22 and 24 from 
manifold IS to distal opening 30 at the distal end of catheter 10. 

Proximal outer tube section 18 has its proximal end 18A connected to manifold 
16 and its distal end 18B bonded to proximal end 20A of distal outer tube 
section 20. Distal end 20B of distal outer tube section 20 is bonded to proximal 
waist section 14A of balloon 14. 



Inner tube section 22 has a proximal end 22A which extends proximally beyond 
proximal end ISA of outer tube section IB, through manifold 16 and which is 
connected to a thru lumen adapter 30. At distal end 22B, inner tube section 22 
is connected to proximal end 24A of inner tube section 24. In a preferred 
embodiment, the connection between inner tube sections 22 and 24 is distal of 
the distal end 183 of the proximal outer tube section 18. Distal end 24B of 
inner tube section 24 is bonded to distal section 14B of balloon 14, 



Balloon 14 has an intermediate, inflatable section 14C located between 
proximal segment 14A and distal segment 14B. The interior of balloon 14 is in 
communication with inflation lumen 26. In the FIGURE, balloon 14 is shown in its 
inflated condition. 

.^n ofder to achieve a very small outer diameter, while retaining the 
necaessary pushability and flexibility characteristics and the ability to handle 
hi^ inflation pressures, tube sections 18, 20, 22 and 24 are thin wall, high 
stti^ngth tubing. In a preferred embodiment of the present invention, proximal 
ou^er tube section 18 is a stainless steel hypotube or polyimide thin wall tube. 
Thejterm "thin wall" as used in this application means a wall thickness of less 
tham o!£li02 inches and preferaibly on the order of 0.001 inches or less. Stainless 
st^l hypotube and polyimide tubing are desireable because they offer the 
ad^ntages of a thin wall construction with the necessary strength to achieve 
thfe" needed pushability and with high burst pressure rating. 

Hin a*:: preferred embodiment, proximal inner tube section 22 also is a polyimide 
ti@ or-;a stainless steel hypotube having a thin wall construction. In either 
ca^s^?, the inner surface of the inner tube section 22 is composed of a low 
fikftiqri, lubricious material. In a preferred embodiment, a hydrophobic material 

ag^a polyiraide-polytetraf luoroethylene composite has been found to be 
deflireable because it provides for a low friction inner surface that allows free 
gif-i^e wire movement (axial and torsional) in and thru lumen 28, despite very 
small clearances. When a stainless steel hypotube is employed as the inner tube 
section 22, a preferred inner surface coating is a hydrophobic such as 
tetraf luoroethylene. In a further embodiment, the desired Ixxbricity can be 
obtained by use of a hydrophilic coating material such as a polyacrylamide 
polyur ethane substrate. 

Distal outer tube section 2 0 is, in a preferred embodiment, high density 
polyethylene having a wall thickness of approximately 0.002 5 inches. The high 
density polyethylene tubing has greater flexibility than either stainless steel 
hypotube or polyimide tubing which form proximal outer tube section 18 . This 
greater flexibility allows the distal end of catheter 10 to be guided through 
the tortuous passage of the coronary artery. Less flexibility is required for 
proximal section 18 and, instead, pushability is the more important 
characteristic. 
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The material selected for distal outer tube section 2 must offer relatively 
small wall thickness together with the appropriate level of flexibility and a 
relatively high burst pressure. High density polyethylene tubing, with a wall 
thickness of about 0.0025 inches, has been found to have these desired 
characteristics . 

A lubricious outer surface is desired for both sections of the outer tube. 
The outer tube sections may be formed from a lubricious material, or coated with 
a lubricious material. For a stainless steel or polyethylene tube, a preferred 
lubricious coating is a hydrophobic material such as a polytetraf luoroethylene, 
while for a polyiraide tube, a preferred lubricious coating is a hydrophobic 
material such as a polyimide-polytetraf luoroethylene composite. In a further 
embodiment, the desired lubricity is attained by use of a hydrophilic material 
such as a polyacrylamide polyurethane substrate. 

Distal inner tube section 24 is preferable a polyimide tube with a 
hydrophobic lubricious material, such as a polyimide-polytetraf luoroethylene 
composite low friction material, on its inner surface (alternatively, the 
desired lubricity is attained by use of a hydrophilic coating material such as a 
polyacrylamide polyurethane substrate) . The polyiraide tube forming distal inner 
tube section 24 has a thin wall tube and has a smaller inner and outer diameter 
than the proximal inner tube section 22. As a result, distal inner tube section 
24 has a greater flexibility than proximal inner tube section 22, which also 
help^ overall flexibility of the distal end of catheter 10. 

^e tnaterial selected for inner tube sections 22 and 24 must have sufficient 
stiettigth, even in a thin wall construction, to resist collapse when fluid 
prelsur^ is applied through inflation lumen 26 to the interior o^f balloon 14. 
Both^ poliyimide txibing and stainless steel hypotube offer sufficient strength 
ag4j#stV<;ol lapse with the fluid pressures typically used to inflate balloon 14. 

fffalloon 14 is, in one preferred embodiment, a polyolefin balloon. In other 
emladdiments of the present invention, balloon 14 is a polyimide balloon, 

i, 

the preferred embodiment of the present invention seen in the FIGURE, one 
or f1ftore^„radiopaque markers 32 are provided on the distal inner tube section 24, 
preferably within the area bounded by the balloon X4. Such markers are provided 
to;;^id fn inserting and locating the catheter by fluoroscopy in the patient's 
vaigulaii: system during angioplasty. 

f3n one preferred embodiment of the present invention, which yields an overall 
outer diameter of 0.033 inches, proximal outer tube section 18 is a hypotube 
having an inner diameter of 0.028 inches and an outer diameter of 0.0320 inches, 
with a polytetraf luoroethylene outer surface (for lower surface tension) with 
wall thickness of approximately 0.0005 inches. Distal outer tube section 20 is a 
high density polyethylene tube having an outer diameter of 0.033 inches and an 
inner diameter of 0.028 inches. Proximal inner tube section 22 is a polyimide 
tube having an outer diameter of 0.0200 inches and an inner diameter of 0.0175 
inches. A polyimidepolytetraf luoroethylene composite material covers the inner 
surface of tube sections 22 and 24. Distal inner tiibe section 24 is a polyimide 
tube having an outer diameter of 0.014 inches and an inner diameter of 0.012 
inches . 

In the FIGURE, the lengths of various portions of catheter 10 are labeled. A 
is the length of proximal outer tube section 18 {including bonds) . B is the 
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length of proximal inner tube section 22 (including bonds) . C is the length of 
distal outer tube section 20 (including bonds} . D is the length of distal inner 
tube section 24 (including bonds), E is the length of balloon 14. F is the 
distance from the distal end of inner tube section 22 to the proximal end of 
balloon 14. G is the length of the bond between outer tube sections 18 and 20. H 
is the length of the bond between outer tube section 20 and balloon 14, I is the 
length of the balloon waist between the distal end of outer tube section 20 ouid 
inflatable section 14 of balloon 14. J is the length of the bond between inner 
t\abe sections 22 and 24. 

In the preferred embodiment of the present invention which provided an outer 



diameter of 0.033 


inches, the following dimensions 


were used 


A s 


42.34 inches 


F = 5- 


.48 


inches 


B = 


50.39 inches 


G = 0, 


.12 


inches 


C = 


12.24 inches 


H = 0. 


.12 


inches 


D approximately 










equal 


7 . 12 inches 


1 = 0. 


,12 


inches 


E approximately 










equal 


1 . 4 inches 


J = 0. 


.12 


inches 



^is .preferred embodiment of the catheter 10 of the present invention is 
typSally used in conjunction with a guide wire having a distal segment of about 
12 ^chea in length and an outer diameter of 0.010 inches. The proximal section 
of guide wire must have a length greater tham length B shown in the drawing, 
andean preferred embodiments has an outer diameter which ranges from 0.010 
inc^yes to about 0 . 014 inches . 

e3?fcending proximal inner tube section 22 into distal outer tube section 
20 ,rt he "length of distal inner tube section 24 (which has a smaller inner 
dialfffeterj is shortened so that even a guide wire having a proximal section with 
an butei? diameter which is too large to extend into distal inner tube section 24 
cair=bxt^d several inches beyond the distal end of the catheter 10 (e.g. up to 
abc& S-pr 6 inches) . In the example of the preferred embodiment presented 
ab<pr^, proximal inner tube section 22 extends approximately 6.64 inches into 
dififtfil giiter txibe section 20 (C - (H + F) = 6.64 inches). 

;3Si conclusion, the present invention takes advantage of the characteristics 
of yigh strength and thin wall tubing to achieve a smaller outer diameter 
dilatation catheter while retaining the advantages of an over-the-wire 
configuration. Although polyimide and stainless steel are two thin wall tubing 
materials which have been discussed in detail, other materials or combinations 
of materials can also be considered. For example, an alternative configuration 
for the inner tubing of catheter 10 is a multilayer tube having polyethylene on 
the inside and paralene on the outside. The polyethylene provides a lubricious 
surface to facilitate wire movement while the paralene provides structural 
strength which could not be achieved in a thin wall configuration with 
polyethylene alone. Another alternative would be to form the inner tube sections 
integrally from the same material. 

Although the present invention has been described with reference to preferred 
embodiments, workers skilled in the art will recognize changes may be made in 
form and detail without departing from the spirit of the scope of the 
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invention. For example, different sizes of balloons will have different section 
lengths {E, D and 1} , and different manifold constructions will result in 
different lengths (B) for the proximal inner tube section. 

CLAIMS*. What is claimed is: 

1, A dilatation catheter comprising: 

an inner tube including a first Inner tube section and a second inner tube 
section connected together and having a guide wire lumen extending therethrough, 
the second inner tube section extending distally from the first inner tube 
section and having an outer diameter which is less than the outer diameter of 
the first iiuaer tube section, the first and second inner tube sections having 
wall thicknesses less than about 0,0 02 inches and having a lubricious material 
on their inner surfaces; 

an outer tube positioned over the inner tube to define an inflation lumen 
between the inner tube and the outer tiibe, the outer tube having a first outer 
tube section having a wall thickness of less than about 0.002 inches and a 
second outer tube section positioned distally of the first outer tube section 
having a wall thickness of leas than about 0.003 inches, the second outer tube 
section having greater flexibility than and made of material different than 
material of the first outer tube section; and 

M balloon having a proximal portion connected to a distal end of the second 
oullSr tube section and a distal portion connected to a distal end of the second 
inf^r tube section, the balloon being made of material different than material 
of ^ghe second outer tube section. 

5^5*2]'; 2. The dilatation catheter of claim 1 wherein the first inner tube 
se^'ion^;; extends distally beyond a distal end of the first outer tube section. 

lij*3] 3. The dilatation catheter of claim 1 wherein the first outer tube 
seetionlis a thin wall metal tube. 

H*4j'i. 4. The dilatation catheter of claim 3 wherein the first outer tube 
seSlion. is a stainless steel tube. 

y[*5]"" 5. The dilatation catheter of claim 1 wherein the outer tube has a 
luSicibus material as its outer surface. 

1*6'} 6. The dilatation catheter of claim 5 wherein the lubricious materials 
as the outer surface of the outer tube is hydrophobic. 

[*7] 7, The dilatation catheter of claim 6 wherein the hydrophobic 
lubricious material is a polytetraf luoroethylene coating. 

[*8] 8. The dilatation catheter of claim 5 wherein the lubricious material 
as the outer surface of the outer tube is hydrophilic. 

[*9] 9, The dilatation catheter of claim 8 wherein the hydrophilic 
lubricious material is a polyacrylamide polyurethane substrate . 

[*10] 10. The dilatation catheter of claim 1 wherein the first outer tube 
section is a polyimide tube. 
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[*11] 11. The dilatation catheter of claim 10 wherein the first outer tube 
section has a polyimide-polytetraf luoroethylene composite material as its outer 
surface for liibricity. 

1*12] 12. The dilatation catheter of claim 1 wherein the first inner tube 
section is a polyimide tube. 

[*13] 13. The dilatation catheter of claim 12 wherein the lubricious 
material is hydrophobic. 

[*14J 14. The dilatation catheter of claim 13 wherein the hydrophobic 
lubricious material is a polyimidepolytetraf luoroethylene composite. 

[*151 15. The dilatation of claim 12 wherein the lubricious material is 
hydrophilic, 

[*16] 16. The dilatation of claim 15 wherein the hydrophilic lubricious 
material is a polyacrylamide polyurethane substrate. 

[*17J 17. The dilatation catheter of claim l wherein the first inner tube 
section is a metal tube. 

[*18] 18. The dilatation catheter of claim 17 wherein the lubricious 
matLerial, is hydrophobic. 

^^19:11 The dilatation catheter of claim 18 wherein the hydrophobic 

lujfeLci?ous material is a polyimidepolytetraf luoroethylene composite. 

|J*20i(- 20. The dilatation catheter of claim 18 wherein the second outer tube 
is,=i'a polyethylene tube. 

J^'t^srj 21. The dilatation catheter of claim 20 wherein the polyethylene 
se^biid outer txibe has an outer coating of a polyimide-polytetraf luoroethylene 
composite for lubricity. 

£5*22}.' 22. The dilatation catheter of claim 17 wherein the lubricious 
material is hydrophilic. 

:i|*23p 23. The dilatation catheter of claim 22 wherein the hydrophilic 
lufcricious material is a polyacrylamide polyurethane substrate. 

[*24] 24. The dilatation catheter of claim 1 wherein the second outer tube 
section is a high density polyethylene tube, 

[*25] 25. The dilatation catheter of claim 1 wherein the second inner tube 
section is a polyimide tube. 

f*26J 26. The dilatation catheter of claim 25 wherein the lubricious 
material is hydrophobic. 

(*27] 27. The dilatation catheter of claim 26 wherein the hydrophobic 
lubricious material is a polyimidepolytetraf luoroethylene composite. 

[*28l 28. The dilatation catheter of claim 25 wherein the lubricious 
material is hydrophilic. 
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1*29] 29. The dilatation catheter of claim 2 8 wherein the hydrophilic 
lubricious material is a polyacrylatnide polyurethane siibstrate. 

1*30] 30. The dilatation catheter of claim 1 wherein the first outer tube 
section is a metal tube, the first inner tube section is a polyimide ttxbe having 
a polyimide-polytetrafluoroethylene composite material on an inner wall surface 
thereof, the second outer tube section is a high density polyethylene tube, and 
the second inner tube section is a polyimide tube having a 

polyimide-polytetraf luoroethylene composite material on an inner wall surface 
thereof. 

[*313 31. The dilatation catheter of claim 1 wherein the balloon is a 
polyimide balloon. 

[*32] 32. A dilatation catheter comprising: 

a first outer tube having a wall thickness of less than about 0.002 inches; 

a first inner tube extending through the first outer tube, the first inner 
tube having a wall thickness of less than about 0,002 inches; 

a. second outer tube having proximal and distal ends, having greater 
flexibility than and made of material different than material of the first outer 
tVLbe, Bidd having its proximal end connected to a distal end of the first outer 
tulQ; 

lA second inner tube having proximal and distal ends, having a wall thickness 
of ^^ss than about 0.002 inches, and having an outer diameter which is less than 
an pouter- diameter of the first inner tube, the proximal end of the second inner 
tuli^ being connected to a distal end of the first inner ttibe; and 

y balloon having a proximal portion connected to the distal end of the second , 
oui^r tube and a distal portion connected to the distal end of the second inner 
tube, the balloon being made of material different than material of the second 
out^^r ttibe. 

n*33j.' 33. The dilatation catheter of claim 32 wherein the first inner tube 
exSnda/through the first outer tube and into the second outer tube. 

M*34] 34, The dilatation catheter of claim 32 wherein the first and second 
inffir tubes have lubricious inner wall surfaces . 

[*35] 35. The dilatation catheter of claim 32 wherein the first and second 
inner tubes are polyimide taibes . 

1*36] 36. The dilatation catheter of claim 35 wherein the polyimide tubes 
have an inner wall of a polyimidepolytetraf luoroethylene composite material. 

[*373 37. The dilatation catheter of claim 32 wherein the first outer tube 
is a metal tube. 

[*38] 38. The dilatation catheter of claim 32 wherein the first outer tube 
has an outer coating of polytetraf luoroethylene for lubricity. 
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[★39] 39. The dilatation catheter of claim 32 wherein the first outer tube 
has an outer coating of a polyimide-polytetraf luoroethylene composite for 
lubricity. 

[*40] 40. The dilatation catheter of claim 32 wherein the first and second 
outer tubes have lubricious outer surfaces. 

1*41] 41. The dilatation catheter of claim 32 wherein the first inner tube 
is a metal tube. 

[*42] 42, The dilatation catheter of claim 41 wherein the metal t\ibe has an 
inner coating of polytetraf luoroethylene for lubricity. 

[*43] 43. The dilatation catheter of claim 32 wherein the balloon is a 
polyimide balloon. 



